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(54) Transmitter direction identif ier 

(57) A transmitter direction identifier is disclosed in 
conjunction with an automotive keyless entry assembly. 
The transmitter direction identifier includes a transmitter 
(18) for sending a coded signal; a receiver (20) for 
receiving the coded signal from the transmitter; a spatial 
differentiator (30) for identifying the direction of the 
transmitter (18) relative to a receiver <20) from the 



coded signal received from the transmitter, the spatial 
differentiator 

(30) creating a location signal; and a control unit 
(32) electrically connected to the spatial differentiator 
(30) wherein the control unit (32) converts the location 
signal into command signal for subsequent use. 




^-30 



FIG 2 



SPATIAL 
DIFFERENTIATOR 



CONTROL UNIT 



V 




32 



'si- 
r- 
CD 
Q. 

LLJ 



Printed Dy RanK Xerox (UK)-Sustness Services 
2 13 8/3 4 



EP 0 741 221 A1 



Description 

The present invention relates to transmitter direc- 
tion identifiers and, more particularly, to transmitter 
direction identifiers capable of creating command sig- 5 
nals depending on the direction identified. 

Transmitter direction identifiers are complicated in 
design and construction. Complex designs often 
increase the size of both the transmitter and the receiver 
to a burdensome weight inhibiting the portability thereof, w 
In environments where mobility is required, i.e., the 
automotive environment, these systems are not used. 
Therefore, it is desired to implement a low cost, low 
complexity transmitter direction identifier capable of 
being manually portable. .15 

Accordingly, the present invention is a transmitter 
direction identifier. The present invention includes a 
transmitter for sending a coded signal. A receiver 
receives the coded signal from the transmitter and a 
spatial differentiator locates the transmitter relative to 20 
the receiver from the coded signal received from the 
transmitter. The spatial differentiator creates a location 
signal. A control unit is electrically connected to the spa- 
tial differentiator and converts the location signal into a 
command signal for subsequent use. 25 

The advantages associated with the present inven- 
tion include providing a low cost, reliable, durable trans- 
mitter direction identifier capable of being used in 
hostile automotive environments. 

The invention will now be described, by way of 30 
example, with reference to the accompanying drawings, 
in which: 

FIG. 1 is a perspective view of the present invention 
with an automotive vehicle shown in phantom; 35 
FIG. 2 is a block diagram of one embodiment of the 
present invention; 

FIG. 3 is a block diagram of the receiver and spatial 

differentiator of the present invention; 

FIG. 4 is a schematic of the spatial differentiator for 40 

one embodiment of the present invention; 

FIGs. 5-8 are graphic representations of the 

receiver output and spatial differentiator output 

through various conditions; and 

FIG. 9 is a flow chart representing the steps per- 45 
formed by the present invention. 

Referring to FIGs. 1-3, one embodiment of the 
present invention, a transmitter direction identifying 
assembly, is generally indicated at 10. The transmitter 50 
direction identifying assembly 10 is shown in conjunc- 
tion with automotive keyless entry assembly 11. The 
transmitter direction identifying assembly 10 and the 
automotive keyless entry assembly 11 include auto- 
matic trunk and light systems, will be discussed 55 
together as an example of one embodiment of the 
present invention. A non-exhaustive list of other embod- 
iments include home entry systems, lighting systems for 
any type of enclosure and the like. The present inven- 



tion 10 provides access to an occupant compartment 12 
of an automotive vehicle 14 by unlocking at least one of 
a plurality of doors 16. In one embodiment, the automo- 
tive keyless entry assembly 11 uses the transmitter 
direction identifier 10 to unlock the doors on one side of 
the automotive vehicle 14 at a time. More specifically, 
the automotive keyless entry assembly 1 1 unlocks one 
or two doors of a two door automotive vehicle or a four 
door automotive vehicle, respectively. 

A transmitter 18 sends a coded signal to a receiver 
20 located within the automotive vehicle 14. Transmis- 
sion consists of a wake up pulse, eight synchronisation 
pulses and a number of identification pulses or bits to 
allow for a reasonable number of unique identification 
codes, e.g., 32 bits. The transmitter 18 is a key grip in 
one embodiment. In other embodiments, the transmitter 
1 8 may be a key fob or a credit card sized device which 
can be stored in the wallet of the operator. The size and 
appearance of the transmitter 18 is not a part of the 
present invention. 

The receiver 20 receives the coded signal from the 
transmitter 18. In one embodiment, the receiver 20 
includes a low noise amplifier 22 which amplifies the 
coded signal and transmits the amplified signal to a 
super regenerative oscillator 24. The super regenera- 
tive oscillator 24 is gated by a quench oscillator 26 and 
provides a means for further amplifying and detecting 
the coded signal. The super regenerative oscillator 24 is 
operating at 315 Mhz whereas the quench oscillator is 
operating at approximately 1 Mhz. A base band ampli- 
fier 28 receives the amplified coded signal after it 
passes through the oscillators 24,26 for further amplifi- 
cation. The receiver 20 is a UHF receiver in one embod- 
iment. 

A spatial differentiator 30 locates a transmitter 18 
relative to the automotive vehicle 14. The spatial differ- 
entiator 30 locates the transmitter 18 from the coded 
signal received from the receiver 20. The spatial differ- 
entiator 30 creates a location signal from the coded sig- 
nal. The spatial differentiator 30 will be further 
discussed subsequently. 

The transmitter direction identifying assembly 10 in 
this embodiment further includes a control unit 32 which 
is electrically connected to the spatial differentiator 30. 
The control unit 32 converts the location signal into an 
unlock signal to unlock the locking mechanism 34 asso- 
ciated with one of the plurality of doors 16 closest to the 
transmitter 18. In the case of a four door automotive 
vehicle, as depicted in FIG. 1 , the control unit 32 would 
send an unlock signal to two of the unlocking mecha- 
nisms associated with the two doors 16 which are on 
the same side of the automotive vehicle 1 4 as the trans- 
mitter 1 8. If the receiver 20 is unable to determine which 
side the transmitter 18 is on with respect to the automo- 
tive vehicle 14, the control unit 32 will unlock the locks 
34 associated with the doors 16 adjacent the driver seat 
as a default parameter. 

With reference to FIG. 3, the spatial differentiator is 
shown to include a base band filter 36: In one embodi- 
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ment, the cut-off frequency, f c , is approximately 50 kHz. 
Once the signal passes through the base band filter 36, 
it is sent into a high comparator 38 and a low compara- 
tor 40. The high comparator 38 defines a high threshold 
42 whereas the low comparator 40 defines a low thresh- 
old 44. The comparators 38,40 compare the coded sig- 
nal received thereby against the high threshold 42 and 
low threshold 44, respectively, and creates a digital out- 
put 47, 48 representing the portion of the signal which 
exceeds the high threshold 42 and low threshold 44. 

To determine the location of the transmitter, the 
transmitter direction identifying assembly 10 includes a 
first antenna 46 and a second antenna 48. The first 
antenna 46 and second antenna 48 are operatively con- 
nected to the receiver 20. Each of the first antenna 46 
and second antenna 48 receive the coded signal from 
the transmitter 18. The antennas 46,48 are directional. 
The antennas 46.48 are spaced apart and located in the 
rear quarter panels of the automotive vehicle 14. 
Although not necessary, the antennas 46,48 are spaced 
such that their signal receiving areas overlap slightly. 

An antenna multiplexor 50 is electrically connected 
between both the first antenna 46 and the second 
antenna 48 and. the receiver 20 to alternately transmit 
the first arid second antenna signals to the receiver 20. 
The antenna multiplexor 50 switches between the two 
antennas 46,48 and is controlled by the control unit 32. 
The antenna multiplexor 50 allows each of the two 
antennas 46,48 to transmit the antenna signals 
received therefrom to the receiver 20 for equal amounts 
of time. 

The control unit 32 includes a correlator 54 which 
correlates the high pulse width signal with the low pulse 
width signal of their respective antenna signals. With 
reference to FIGs. 6 and 8, two representations of pos- 
sible correlations are shown for the passenger side 
antenna 48. If, for example, the transmitter 18 is on the 
passenger side of the automotive vehicle 14, a high 
pulse width correlation between the high comparator 
signal and low comparator signal would occur, shown in 
FIG. 8. Likewise, in the same example, the driver side 
antenna, or first antenna 46, would have a low pulse 
width correlation between the low comparator signal 
and the high pulse width signal, as depicted in FIG. 6. 
More specifically, the correlator 54 correlates the pulse 
width of the signals which are created by comparing the 
antenna signals with the high and low thresholds. In the 
above example, because, the transmitter 18 is on the 
passenger side of the automotive vehicle 1 4, the pas- 
senger side or second antenna 48 receives a relatively 
strong signal allowing large pulse widths for both the 
high pulse width and low pulse width signal. The driver 
side or first antenna 46 produces, however, a slightly 
weaker signal because the transmitter 1 8 is further from 
the driver side antenna 46. Therefore, the weaker signal 
cannot produce such a large pulse width for the high 
pulse width signal and, therefore, the pulse widths are 
substantially unequal to each other. The control unit 32 
can then determine that because the pulse widths of the 



passenger side antenna 48 have a high correlation, the 
transmitter 18 must be located to the passenger side of 
the automotive vehicle 14. 

The control unit 32 further includes a decoder 56 

5 which decodes the decoded signal from the transmitter 
18. The control unit 32 determines the coded signal 
matches the signal the control unit is programmed to 
receive and unlocks the specific locks 34. If the coded 
signal is not decoded to match what should be received, 

10 the locks 34 will remain locked preventing access to the 
occupant compartment 12 through any of the doors 16. 

The control unit 32 which includes the correlator 54 
and decoder 56, is a microprocessor 58, shown in FIG. 
3. The microprocessor 58 may be any commercially 

75 available product. 

With reference to FIG. 4, the schematic of the spa- 
tial differentiator 30 is shown. The signal, as it passes 
through the receiver 20 and received by the spatial gen- 
erator 30 is represented by the signal generator 60. The 

20 signal is coupled to the spatial differentiator 30 through 
a capacitor 62. The capacitor 62 is connected to the 
inverting input of an operational amplifier (op amp) 70 
through a first resistor 72. The non-inverting input of the 
op amp 70 is connected to the power source 66 through 

25. a second resistor 74. The non-inverting input of the op 
amp 70 is also connected to ground through a third 
resistor 76. A feedback loop is created by connecting 
the output of the op amp 70 to the inverting input of the 
op amp 70 through a fourth resistor 78. The output of 

30 the op amp 70 is also connected to the inverting inputs 
of both the high comparator 38 and the low comparator 
40. A first voltage divider 79 is created by a fifth resistor 
80 and sixth resistor 82. Seventh and eighth resistors. 
84,86 create a second voltage divider 88. The sixth 

35 resistor 82 and the eighth resistor 86 have different val- 
ues such that the voltage is divided differently between 
the two voltage dividers 79,88. The differing voltage 
divisions create the high threshold 42 and low threshold 
44. Both of the voltage dividers 78,88 extend between 

40 the power source 66 and ground. The non-inverting 
input of the high comparator 38 is connected between 
the fifth and sixth resistors 80.82 of the first voltage 
divider 79. The non-inverting input of the low compara- 
tor 40 is connected between the seventh and eighth 

45 resistors 84,86 of the second voltage divider 88. The 
outputs of the high comparator 38 and the low compara- 
tor 40 are connected to the microprocessor 58 for 
processing by the control unit 32. Ninth resistor 90 and 
tenth resistor 92 are connected between the output of 
so the high comparator 38 and the low comparator 40, 
respectively, and ground. The op amp 70 and. the high 
comparator 38, and the low comparator 40, are all pow- 
ered by the power source 66 and grounded to a com- 
mon ground. 

55 In operation, the microprocessor 58 chooses the 
first antenna as represented by block 94 in FIG. 9. The 
microprocessor 58 chooses the first antenna by switch- 
ing the antenna multiplexor 50. The receiver 20 receives 
four pulses from the signal received from the first 
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antenna 46. The spatial differentiator 30 receives the 
signal, creates two signals corresponding to the high 
threshold 42, and low threshold 44, and sends the two 
signals to the microprocessor 58. The microprocessor 
58 then determines as represented by block 96, the cor- $ 
relation coefficient for the first antenna 46. The coeffi- 
cient is stored in the microprocessor 58 for future use. 
The microprocessor 58 then chooses the second 
antenna 48,. using the antenna multiplexor 50 and, sim- 
ilarly, receives four pulses of the signal and determines w 
the correlation coefficient therefor. The antenna with the 
highest correlation coefficient is then selected. In one 
embodiment, if the correlation coefficient exceeds 0.7, 
the antenna associated with that correlation coefficient 
is selected. More specifically, a selection is made to use 75 
the antenna with the highest correlation coefficient 
when the correlation coefficient exceeds 0.7, indicating 
a transmitter 18 is in close proximity to the receiver 20 
and, hence, the automotive vehicle 14. The remaining 
pulses of the signal are then decoded and depending if 20 
the signal received matches the unlock code stored in 
the microprocessor 58, the doors 1 6 associated with the 
chosen antenna are unlocked. It can be appreciated by 
those skilled in the art that four antennas may be used 
instead of two antennas 46,48 to further delineate the 2 5 
location of the transmitter 18 to unlock a single door in a 
four door automotive vehicle. 

Claims 

30 

1. A transmitter direction identifying assembly com- 
prising: 

a transmitter (18) for sending a coded signal; 
a receiver (20) for receiving the coded signal 35 
from said transmitter; and 
a spatial differentiator (30) for locating said 
transmitter (18) relative to said receiver (20), 
said spatial differentiator (30) creating a loca- 
tion signal identifying direction of said transmit- 40 
ter (18) relative to said receiver (20). 

2. A transmitter direction identifying assembly as 
claimed in claim 1 , wherein said spatial differentia- 
tor includes a high comparator and a low compara- 45 
tor, said high comparator defining a high threshold 
and said low comparator defining a low threshold. 

3. An automotive keyless entry assembly for access- 
ing an occupant compartment of an automotive so 
vehicle by unlocking an unlocking mechanism 
associated with one of a plurality of doors, said 
automotive keyless entry assembly comprising: 

a transmitter for sending a coded signal; 55 
a receiver for receiving the coded signal from 
said transmitter; 

a spatial differentiator for locating said transmit- 
ter relative to the automotive vehicle from said 



coded signal received from said receiver, said 
spatial differentiator creating a location signal; 
and 

a control unit electrically connected to said 
spatial differentiator, said control unit convert- 
ing said location signal into an unlock signal to 
unlock the locking mechanism associated with 
one of the plurality of doors closest to said 
transmitter. 

4. An automotive keyless entry assembly as claimed 
in claim 3, wherein said spatial differentiator 
includes a high comparator and a low comparator, 
said high comparator defining a high threshold and 
said low comparator defining a low threshold. 

5. An automotive keyless entry assembly as claimed 
in claim 4, wherein first and second antennas are 
operatively connected to said receiver, each of said 
first and second antennas receiving said coded sig- 
nal and for producing first and second antenna sig- 
nals. 

6. An automotive keyless entry assembly as claimed 
in claim 5, wherein an antenna multiplexor is electri- 
cally connected between said first and second 
antennas and said receiver to alternately transmit 
said first and second antennas signals to said 
receiver. 

7. An automotive keyless entry assembly as claimed 
in claim 6, wherein said receiver includes a high 
comparator creating a high pulse width signal from 
each of said first and second antenna signals and a 
low comparator creating a low pulse width signal 
from each of said first and second antenna signals. 

8. An automotive keyless entry assembly as claimed 
in claim 7, wherein said control unit includes a cor- 
relator for correlating said high pulse width signal 
with said low pulse width signal associated with 
each of said first and second antennas. 

9. An automotive keyless entry assembly as' claimed 
in claim 8, wherein said control unit further includes 
a decoder for decoding said coded signal. 

10. A method of unlocking one of a plurality of doors to 
an occupant compartment of an automotive vehicle 
using a portable transmitter and a plurality of anten- 
nas spaced throughout the automotive vehicle, the 
method comprising the steps of: 

transmitting from the portable transmitter a 
coded signal, to the plurality of antennas; 
receiving the coded signals from the portable 
transmitter; 
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receiving an antenna signal from each of the 
plurality of antennas representing the coded 
signal; 

measuring each of the antenna signals against 
a first threshold; s 
measuring each of the antenna signals against 
a second threshold; 

locating the transmitter based on the antenna 
signals; and 

unlocking one of the plurality of doors closest to to 
the transmitter. 
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